The existence criterion has been extensively studied for different classes in fractional differential equations (FDEs) through different mathematical methods. The class of fractional order boundary value problems (FOBVPs) with p-Laplacian operator is one of the most popular class of the FDEs which have been recently considered by many scientists as regards the existence and uniqueness. In this scientific work our focus is on the existence and uniqueness of the FOBVP with p-Laplacian operator of the form: 
Introduction
Fractional calculus has widely been studied by scientists from the era of Leibniz to the present and has drawn the attention of mathematicians, engineers, and physicists in many scientific disciplines based on mathematical modeling, and it was found that the fractional order models are more precise in comparison with integer order models and, therefore, we can see many useful fractional order models in fluid flow, viscoelasticity, signal processing, and many other fields. For instance, see [-] .
In fractional calculus, the existence of a positive solution for FOBVP with p-Laplacian operator has extensively attracted the attention of the scientific community. This side of the fractional calculus has a wide range of applications in day life problems and these were investigated for the existence of solutions by different mathematical tools. For instance, Lv [] , has studied existence results for m-point FOBVP with p-Laplacian operator with the help of a monotone iterative technique and produced interesting results which were examined by two examples. Prasad 
with the help of degree theory, and they also used the upper and lower solution method for this work. Xu and Xu in [] investigated the p-Laplacian equation for sign changing equations of the form
using the method of upper and lower solution method with the help of Leray-Schauder degree theory. Wang in [] considered three solutions of
In this paper we consider the FOBVP with p-Laplacian of the form
where
We recall some basic definitions and results. For α > , choose n = [α]+ in the case α is not an integer and n = α in the case α is an integer. We recall the following definitions of a fractional order integral and a fractional order derivative in Caputo's sense, and some basic results of fractional calculus [, ].
Definition  []
For a function k : (, ∞) → R and γ > , fractional integral of order γ is defined by
with the condition that the integral converges.
Definition  [] For γ >  the left Caputo fractional derivative of order γ is defined by
where n is such that n - < γ < n.
Lemma  []
For μ, β > , the following relation holds:
A cone P is solid in a real Banach space X if its interior is non-empty.
Definition  []
Let P be a solid cone in a real Banach space X, T :
Lemma  []
Assume that P is a normal solid cone in a real Banach space X,  < α < , and T : P  → P  is a α-concave increasing operator. Then T has only one fixed point in P  .
Main results

Lemma  For z(t)
has a solution of the form
()
Proof Applying the operator I α on the differential equation in () and using Lemma , we obtain 
Substituting the values of c  , c  , c  , c  , in (), we get
The integral form is given as
G(t, s)h(s) ds. (   )
Lemma  Let  < θ , γ ≤ . For z(t) ∈ C[, ], the FOBVP with p-Laplacian
and G(t, s) is given by ().
Applying the integral I γ on the differential equation in () and using Lemma , we
and the boundary condition (
The boundary value problem () reduces to the following problem:
which, in view of Lemma , yields the required result,
s function H(t, x) is a continuous function and satisfies
The continuity of H(t, x) is ensured by its definition. For (A), considering the case when  < x ≤ t ≤ , we have
In the case  < t ≤ x ≤ , the H(t, s) >  is obvious. Now for
from (), we have
Now for part (B), using () in the case  < x ≤ t ≤ , we proceed thus:
We can also prove the result for the case of  < t ≤ x ≤ , this completes the proof. Assume that the following hold: (J  ) f (z) is non-decreasing with respect to z. (J  ) There exists  ≤ β <  such that f (Kz) ≥ (φ p (K)) β f (z), for any  ≤ k <  and  < z < +∞. 
Existence and uniqueness of solutions
